Abstract: With the current tendency of increasing minimally invasive cosmetic surgeries, some rare but disastrous complications of facial filler injections come into sight, such as visual loss. The study aims to investigate the possible route that the injected droplet accesses the ophthalmic artery to explain and prevent such devastating complications. We searched the National Library of Medicine's PubMed database for cases of visual loss secondary to cosmetic facial filler injection, and reviewed relevant case reports/surveys, as well as accompanying references. Data obtained were analyzed, with special interest in injected sites and filler material, and clinical features of visual loss. Based on the anatomy of facial vessels, we inferred the possible route of injected droplet migrating from injection sites to ophthalmic artery. Most physicians propose a retrograde embolic mechanism, but the culprit artery when injecting different sites is not determined. We consider accidentally breaking into supraorbital artery or supratrochlear artery may cause occlusion of ophthalmic artery when injecting into glabella or forehead region. Speaking of the nasolabial fold and nasal dorsum region, any injections in the anastomosis of the dorsal nasal artery, angular artery, and lateral nasal artery can lead to retrograde embolism. Similarly, in the temporal region, we believe there is abnormal anastomosis between frontal branch of superficial temporal artery from external carotid artery and supraorbital artery from ophthalmic artery. In our hypothesis, we can explain the accompanying brain infarction after iatrogenic visual loss. If the injecting pressure is forceful enough, it may push the embolic materials into middle cerebral artery. Although iatrogenic ophthalmic artery occlusion is a rare complication after the facial filler injection surgery, it is usually devastating. Both the patient and the surgeon should be aware of the risk of irreversible blindness. Ideally, the injection sites should avoid the small vessels nearby, the injecting force and velocity should be as gentle and slow as possible.
F
acial filler injection for soft-tissue augmentation and rejuvenation has increased noteworthy in the last decade. The procedure is well accepted and widely performed because of the convenience, pleasing outcomes, and favorable safety. 1, 2 However, there are some rare but devastating adverse effects, such as iatrogenic blindness and stroke. As early as 1963, sudden vision loss after injection of corticosteroids suspensions in the bare spots on scalp was described. 3 Then, blindness after injections of various substances for alopecia areata and cosmetic surgery was reported. [4] [5] [6] Visual loss and stroke after cosmetic injections have drawn many surgeons' attention ever since.
In 2012, Lazzeri et al 7 conducted a systematic review on iatrogenic blindness after facial cosmetic injections, he reviewed the clinical data of 32 patients, and suggested some precautions to avoid such complications. Similarly, Park and his colleagues 8, 9 enrolled 44 patients in a Korean national survey and investigated their clinical manifestations and visual prognosis of retinal artery occlusion resulting from the surgery.
Despite all the research done in the past few years, the underlying pathogenesis is not well understood. We presumed a novel hypothesis to explain how the injected droplet access to the ophthalmic artery and suggested some precautions that may prevent, such devastating complications.
REVIEW
We searched the National Library of Medicine's PubMed database and reviewed the available literature regarding the occurrence of blindness after facial injections and accompanying references. Data obtained were analyzed, including clinical symptoms and signs, injection sites and injected filler material, the associated examinations. A total of 75 patients were included, [7] [8] [9] [10] [11] [12] [13] which is the largest case series reported to date (Table 1) . Thirty-seven patients, who suffered blindness received autologous fat injections, which were described to have a worse visual prognosis and higher cerebral infarction incidence. 8, 9 Other substances included hyaluronic acid (20%), collagen (7%), and corticosteroids (5%) for the early years and other cases.
We further believed that various injection sites conducted different routes access the ophthalmic artery. Eight of the 75 patients (11%) were injected into multiple regions, we analyzed the most possible culprit injection site based on the anatomy and symptoms onset. Glabella, nasal dorsum, and nasolabial fold were the most frequent injected sites, with 34 (45%), 19 (25%), and 14 (19%) cases, respectively.
Moreover, 18 patients (24%) were diagnosed with cerebral infarction, confirmed by magnetic resonance imaging or angiography, only 11 of them (15%) have neurologic symptoms, such as contralateral hemiplegia or weakness, dysarthria, or aphasia.
ANATOMY AND HYPOTHESIS Anatomy
The orbital vascular anatomy is highly complex, with tremendous interindividual variations. The main source of blood supply to the orbit is the ophthalmic artery, the first branch of the internal carotid artery.
14 The branches of the ophthalmic artery are divided into 2 groups. The orbital group consists of the lacrimal artery, supraorbital artery, the supratrochlear artery, the anterior and posterior ethmoid artery, and nasal artery. The ocular group distributes blood to the muscles and bulb of the eye and consists of the long ciliary artery, short ciliary artery, anterior ciliary artery, central retinal artery, and muscular artery. 14 The retina is normally supplied by the central retinal artery and the short posterior ciliary arteries. In some cases, approximately 20% of the population, there is a branch of the ciliary circulation called the cilioretinal artery which supplies the retina between the macula and the optic nerve. If this artery is present, the central vision will be preserved even in case of central retinal artery occlusion. 15 Sometimes, the ophthalmic artery does not arise normally from the internal carotid artery, but from the middle meningeal artery, which originates from external carotid artery.
14 Furthermore, there are various anastomoses between the ophthalmic artery and various branches of the external carotid artery. For example, the frontal branch of superficial temporal artery may anastomose with supratrochlear artery or supraorbital artery.
Hypothesis
Many researchers have proposed that retrograde arterial embolic mechanisms are responsible for the occlusion of central retinal artery. [7] [8] [9] We speculated the possible route of the embolism migrating from different injection sites to ophthalmic artery (Fig. 1) , causing iatrogenic retinal artery occlusion.
Injections Into the Glabella and Forehead
When surgeons injected facial fillers into the glabella or forehead region, the injecting needle may accidentally break the wall of the distal artery, such as supraorbital artery or supratrochlear artery. In this case, the injection force could overcome the systolic arterial pressure, it will push the injected tiny droplet to travel proximally along ophthalmic artery, even pass the origin of the central retinal artery. When the injection is done, the force is relieved, the arterial systolic pressure then propels the injected droplet distally into the ophthalmic artery, and its branches. If the injecting force is big enough, the droplet may reach more proximally, so that it may block the middle cerebral artery when the force recedes. This could explain the accompanying cerebral infarction.
Injections Into the Nasolabial Fold and Nasal Dorsum
There is anastomosis of the nasal area, consisting of dorsal nasal artery from the ophthalmic artery, angular artery, and lateral nasal artery from the facial artery. Injection into the nasolabial fold or nasal dorsum may accidentally break into the anastomosis, resulting in retrograde embolism.
Injections Into the Temporal and Scalp Area
As to the temporal region, some abnormal anastomosis between frontal branch of superfacial temporal artery and supraorbital artery 1 . Schematic of the blood supply of the face and eye in relation to the sites of cosmetic facial filter injections.
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(or supratrochlear artery) may exist, and the droplet could be propelled to the ophthalmic artery through it. Even a tiny amount of the filler slipping into the ophthalmic artery can precipitate a central retinal artery occlusion, which result in permanent blindness. In some cases, the ophthalmic artery raises from the middle meningeal artery, which is a branch of external carotid artery. 14 Under the circumstance, the microspheres may travel to the ophthalmic artery from the frontal branch of superfacial temporal artery by external carotid artery system. Moreover, the zygomatic-orbital artery raised from superfacial temporal artery has anastomosis with branch of ophthalmic artery, and may also be the retrograde arterial embolic route.
A few authors claimed central retinal artery occlusion was accompanied with thrombosis of the ophthalmic vein, 16 which is rarely studied. There may be some arteriovenous anastomotic channels in certain region and could become the conduit for the reflux of the filler into the regional circulation.
DISCUSSION AND PREVENTION
Cosmetic facial injections sound like a relatively simple and straightforward approach. The 2013 American plastic surgery statistic report revealed that cosmetic minimally invasive procedures had increased 144% compared with 2000. 2 Moreover, in the past year, soft tissue fillers and hyaluronic acid injections had risen 13% and 18%, respectively. 2 Consequently, iatrogenic blindness after facial injections became a big issue perplexing both physicians and patients.
In this study, we summarized clinical characteristics of 75 patients experiencing iatrogenic occlusion of the ophthalmic artery and its branches after cosmetic facial filler injections. Glabella, nasal dorsum, and nasolabial fold were the most frequent injection sites, surgeons should pay more attention to the nearby small vessels. Autologous fat grafting is demanding in recent years; however, once it causes retinal artery occlusion, the visual prognosis is worse. 8 Even tiny amount of fillers infiltrates into the vessels, permanent blindness could occur.
Based on our hypothesis, some suggestions to avoid the disastrous complications after cosmetic facial filler injection were introduced (Table 2) . Anatomy is always the fundamental principle for surgery. More focus should be concentrated to the vessels around the orbit, and the surgeons should know the anatomical plane and depth for each injection. 17 The most important controllable factor for surgeons is the speed and pressure of injection. Fillers should be injected as slowly and gently as possible, so that there will be no sufficient amount of facial filler being propelled into the vessel. 7, 18 Most surgeons prefer blunt cannulas with small-bore needles and smaller syringes because they slow the speed of injection, and less likely to puncture the vessels. 17, 18 Others argue that larger syringe has a greater cross-sectional area, therefore theoretically allow lower injection pressure. 7 However, the surgeon's control is severely impaired by using larger syringe for fine injection of facial filler. In our opinion, the injection force and speed, the limited injected filler volume per pass are more important variables to control. Another precaution is the use of epinephrine-containing local anesthesia to reduce the size of vessels.
CONCLUSIONS
In conclusion, iatrogenic blindness and cerebral infarction can occur after cosmetic facial filler injections. Surgeons and patients should be aware of the devastating complications, and the surgery should be performed carefully. The injection sites should avoid the small vessels nearby, and the injecting force and velocity should be as gentle and slow as possible. The surgery is constantly improved in the light of new scientific knowledge. 
